Background: Poor hospital outcomes among adult patients admitted to hospitals have been attributed to inadequate nutrient intake and progressive disease conditions. The purpose of this study was to determine the adequacy of the intake of energy, zinc and selenium among adult inpatients receiving hospital prepared total nasogastric blended tube feeding (NGTF). Methods: This was a cross-sectional study that adopted quantitative approaches in data collection, analysis and presentation. A comprehensive sample of 113 adult patients, 20-65 years of age who had been on total NGTF in the previous 24 h participated in the study. Nutrient adequacy for individual patients was established using the Harris Benedict equation (HBE) and the European Society for Clinical Nutrition and Metabolism (ESPEN) daily recommendations for zinc and selenium intakes. A researcher-administered questionnaire was used to collect data on socio-economic and medical characteristics. Fourteen pairs of hospital prepared NGTFs were sampled weekly for 3 months and analysed for total energy, carbohydrate, protein, fat, zinc and selenium content using AOAC international methods. Results: Mean total energy, zinc and selenium content for NGTF was 126.9 ± 67.0 Cal/100 ml (64.6 % carbohydrate, 23.1 % protein and 12.3 % fat), 0.13 ± 0.01 mg/100 ml and 0.09 ± 0.02 μg/100 ml respectively and this content varied significantly among the paired samples (p < 0.05). Mean volume intake of NGTF was 257.1 ± 273.0 ml/day given through scheduled gravity feeding. This resulted in a mean total energy intake of 326.5 ± 346.7 Cal/day (5.5 Cal/Kg/day), mean carbohydrate intake of 210.9 ± 223.9 Cal/day, mean protein intake of 0.3 g/Kg/day, with zinc at 0. 34 ± 0.24 mg/day and selenium at 0.23 ± 0.24 μg/day. The mean total energy, protein, zinc and selenium intakes were significantly lower than the recommended values (p < 0.05). All participants had inadequate zinc and selenium intakes while only 0.88 % had adequate energy intake. Conclusion: In this study, there was evidence of inconsistent supply of energy, carbohydrates, protein, fat, zinc and selenium to patients on naso-gastric tube feeds. Since inconsistency in supply of nutrients is associated with poor hospital outcomes, it is recommended that commercial tube formulas with known and predictable nutrient amounts be used.
Background
The intake and adequacy of energy, zinc, and selenium among patients admitted to hospitals have been shown to be related to their morbidity and mortality [1] . Adequate provision of these nutrients can improve patient nutrition and health outcomes [2] . Energy deficiency has been shown to be common among hospitalized patients [3] . This often has resulted in muscle wasting, poor response to therapy and generally poor hospital outcomes among admitted patients [3] . Zinc deficiency has also been reported among elderly hospitalized patients. Significant proportions among admitted patients with zinc deficiency have reported medical complications such as respiratory infections, cardiac failure, delayed wound healing, altered immunological functions, diarrhea, anemia and depression [4] . Among micronutrients, selenium has also been shown to have anti-oxidant functions through the synthesis of seleno proteins that might contribute to protection against cardiovascular diseases, degenerative diseases, cancer and strengthening of the immune system [5] . Deficiency of selenium is common in areas with lower selenium content in their soils. The human body lacks storage system mechanism to easily replenish zinc and selenium in case of a deficiency [6] . Daily intakes of essential micronutrients in recommended amounts in health and disease is important to maintain optimal nutrition status. Most studies on adequacy of energy, zinc and selenium intakes have been conducted in developed countries and majority have reported inadequate intake among admitted patients [3] . In sub Saharan Africa in particular Malawi, a study estimated more than 50 % of households were at risk for energy, zinc, calcium and selenium deficiencies due to low dietary intake [7] . Studies on nutrient intake of energy, zinc and selenium among hospitalized patients' remains scarce in the sub Saharan Africa, and in particular Zambia. Naso-gastric tube feeding (NGTF) has been supported by various enteral and parenteral nutrition societies globally to enhance nutrient delivery to patients with a functional gut, facing difficulties eating and meeting their daily nutrient targets [1, 2, 8] . Tube feeding in hospitals has evolved over the past years, from feeding of milk, meat broth, raw eggs, to blenderized combination of foods, and now commercial tube formulas (CTF) [8] . The European Society for Clinical Nutrition and Metabolism (ESPEN), American Society for Enteral and Parenteral Nutrition (ASPEN), among other organizations, have overseen the transformation of traditional hospital prepared naso-gastric tube feeds to CTF [1, 2] . Commercial tube formulas have been shown to have an added advantage of having known standard nutrient compositions [9] . Based on various reported studies, CTF have been recommended for naso-gastric tube feeding in hospitals [1, 10, 11] . This is because studies have found that unlike CTF, hospital prepared tube feeds are associated with inconsistent delivery of macronutrients and micronutrients [12] [13] [14] . In the developed world, the use of CTF among patients on NGTF has widely been documented. In contrast, most low income countries use hospital prepared tube feeds for management of their patients [14] . Further, administration of NGTF in the developed world has been documented to follow standard operating procedures unlike hospitals in the sub-Saharan Africa, and Zambia in particular [15] . In studies conducted in the Philippines and Saudi Arabia, nutrient deficiencies among hospitalized adults receiving hospital prepared naso-gastric blended tube feeds were reported [16, 17] . Micronutrient deficiencies, particularly zinc and selenium were reported to be common among patients with low energy intake [17, 18] . These nutrient deficiencies were also shown to result in poor hospital outcomes [18, 19] .
Public hospitals in Zambia are the main health care service providers [20] . Patients fed through NGTF in these public hospitals are managed on hospital prepared feeds with unknown nutrient content which results in longer hospital stay therefore increasing their risk for hospital malnutrition [21] . Malnourished patients take longer to heal, this results in increased use of the scarce personal and hospital resources which in turn affects productivity of individuals and the nation as a whole [22] . These NGTF used in Zambian public health hospitals are mainly prepared from various foods ranging from corn flour, rice flour, groundnut flour, milk, eggs and soy flour [21] . Further, in Zambia, there is scarce literature on locally developed standard operating procedures for NGTF by the Ministry of Health and various public health facilities [20] . Ultimately, the current practice of enteral nutrition in Zambia might not be enhancing progress towards achieving the Zambian Vision 2030 that aims to provide quality health care. Optimal nutritional support for all patients is a key component in attaining this vision [21] . There is limited literature in sub-Saharan Africa and in particular Zambia on the energy, zinc and selenium intakes and adequacy among patients receiving total naso-gastric blended tube feeds [21] . It is against this background that the study aimed to assess adequacy of total energy, carbohydrate, protein, fat, zinc and selenium intakes among patients receiving total hospital prepared blended naso-gastric tube feeding.
Scope of the study
The study focused on energy, zinc and selenium intake and adequacy among patients admitted to a referral hospital who received hospital prepared total naso-gastric blended tube feedings and did not consider other micronutrients.
Operational definitions
In this study the following terms meant; Adults: Inpatients 20 to 65 years of age. Naso-gastric Feed: Any form of food prepared in the hospital given to patients through the naso-gastric tube. Nutrient Adequacy: Patients' attainment of the minimum recommended requirement by European Society for Clinical Nutrition and Metabolism (ESPEN) set standards of zinc and selenium for patients on total naso-gastric feeding. Energy adequacy is the attainment of 90 to 110 % of energy requirement as determined by Harris-Benedict Equations. Total Naso-gastric Feeding: Patients fed exclusively through naso-gastric route in the previous 24 h.
Methods

Research design, period and location
The study adopted a cross-sectional analytical design with quantitative techniques in data collection, analysis and presentation [23] . The design was suitable in establishing associations between total energy, protein, carbohydrate, fat, zinc and selenium intakes and their nutrient adequacy among adult patients receiving total nasogastric tube feedings. The study was conducted from August to November 2015.
The study was conducted at a referral hospital in the Copperbelt province in Ndola district of Zambia. It is the second largest public tertiary level hospital in Zambia with 851 bed capacity located in Ndola District [24] . The hospital offers curative services for adults through in-patient departments (medical wards, intensive care unit [ICU] , surgical wards, emergency/ambulatory, and obstetrics /gynecology wards) and out-patient departments [21] .
Study populations
The study targeted adult inpatients 20 to 65 years of age receiving hospital prepared total naso-gastric blended tube feeding admitted to the hospital. The sampling frame was estimated at 150 patients for the three months (14 weeks) period that the study would be undertaken, based on the estimated average of 50 patients per month on total nasogastric tube feeding as reported by the Health Information Office (HIO) of Ndola Central Hospital [21] . All of the study participants were non-ambulant and drawn from two female medical wards, two male medical wards, as well as the ICU.
Consenting adult patients, 20 to 65 years of age receiving hospital prepared total naso-gastric blended tube feeding in the previous 24 h and admitted to medical wards, and the intensive care unit, were eligible to participate in the study. The study's exclusion criteria were patients receiving naso-gastric tube feeds prepared from outside the hospital kitchen. This is because feeds prepared from outside the hospital would not be analysed for nutrient content and could have affected the results if included.
Sampling technique and sample size
The referral hospital was purposively sampled among the four main tertiary hospitals in the country because of its speciality in treating adult illnesses. Further, medical wards and the intensive care unit were purposively sampled because they admitted the most participants receiving naso-gastric tube feedings [21] .
For selection of individual study participants, comprehensive sampling was adopted, where all adult patients who satisfied the inclusion criteria and consented to participate were included [25, 26] . A total of 123 patients were eligible to participate in the study and 117 patients provided consent. Four participants had missing data and were subsequently excluded from the analysis. A total of 113 patients had information fully collected and comprised the sample size of the study.
Socio-economic and medical characteristics of adult inpatients receiving total naso-gastric tube feeding
One time face-to-face interviews were conducted at the wards with participants to obtain information on socioeconomic characteristics. These interviews were guided by a researcher-administered questionnaire. For those patients who could not speak, only close relative who lived with them in the same household answered on their behalf.
A researcher-administered questionnaire was also used to collect medical characteristics on participants. Provisional admission diagnosis and length of stay data were collected by the researcher from individual medical files to the researcher-administered questionnaire. Clinicians attending to patients determined individual Glasgow Coma Scale (GCS) scores for participants and recorded them in the researcher-administered questionnaire.
Naso-gastric tube feeds collection, tracking and analysis
Fourteen (14) pairs of NGTF samples were collected every Wednesday, for 14 weeks (3 months, 1 week). Uniquely coded 20 ml transparent sterile vacutainer trace elements tubes (Vacutainer Systems Europe B.P No. 37-38241 Meylan Cedex-France, Becton Dickson) were used to collect these samples from the hospital kitchen's preparation vessel. The samples were stored temporarily on dry ice at 0°C then transferred to a freezer for longer storage at less than −20°C within 3 h of collection time and finally transported to the laboratory for analysis below 0°C [27] . A laboratory form was used to record and track the samples. The form had information on time of food sampling, time of storage and volume collected. On the same form, results of nutrient content were reported for each sample. The volume of NGTF provided to the participants in the previous 24 h were calculated from the patients' feeding charts in the medical files. The volumes aggregated per individual patient were used to determine the individual's energy, zinc and selenium intakes.
Fourteen paired samples of naso-gastric feeds were analysed at ARC-Irene Analytical Services laboratory in South Africa to determine nutrient content. Nutrient analyses were conducted using the official analytical methods of Association of Analytical Chemists (AOAC): Kjeldahl for protein, acid hydrolysis for fat, computation of difference for carbohydrate, and inductively coupled plasma-atomic emission spectrometry for zinc and selenium [28] .
Research instruments
The researcher-administered questionnaire and data collection procedures were pre-tested at a similar referral hospital, prior to the main study. The researcheradministered questionnaire was used to collect information on socio-economic and medical characteristics. The questions used to determine the socio-economic characteristics were adopted from the validated Zambia Demographic and Health Survey questionnaires (ZDHS) [20] . Medical characteristics were developed after an intensive discussion with the clinicians for the facility. To enhance validity, the NGTF samples were collected and tested using an accredited laboratory in South Africa (ARCIrene Analytical Laboratory).
The procedures employed in pre-testing the instruments were identical to those used in the main study, with participants of similar characteristics. A total of 10 patients participated in the pre-test and they were not included in the main study. The test and re-test method was used to evaluate the reliability of the researcher-administered questionnaire. During the pretest, data were collected twice from the same participants within an interval of three days and analysed. A correlation coefficient of 0.88 (95 % C.I; 0.78-0.95) was achieved between the two sets of data. A correlation coefficient of above 0.7 is usually considered adequate [26] . By obtaining two random samples, the reliability of the NGTFs was also enhanced.
Data analyses
Statistical Package for Social Sciences (SPSS) version 20.0 was used for data entry, cleaning, and analysis. Descriptive statistics such as frequencies, means and standard deviations were used to describe the study population in terms of socio-economic and medical characteristics as well as the mean nutrient (total energy, fat, carbohydrate, protein, zinc and selenium) content of the naso-gastric tube feeds.
The naso-gastric feeds samples were analyzed for their variation using two way t-test, while nutrient adequacy was determined by comparing nutrient intake to the two standards using paired t-test.
To determine the individual energy requirement of each participant, the Harris-Benedict equations (HBE) [28] . Energy intakes of 90 to 110 % of the calculated requirements was considered adequate [29] . For zinc and selenium, the ESPEN minimum daily requirements (Zinc [11-19 mg 
Results
Participants' socio-economic and medical characteristics
A total of 113 inpatients with 82 admitted from the medical wards and 31 admitted from the intensive care unit had their data fully collected and analysed.
The mean age of participants was 42.6 ± 11.4 years ( Table 1) . About a third (34.4 %) of the participants were 40 to 49 years of age with the majority (73.5 %) were under the age of 50 years. More than half (57.5 %) of the participants were females and the same percentage of participants were married. Slightly less than a third (30.1 %) had no formal education with only 4.4 % having tertiary education. Almost half (46.9 %) of the participants were casual workers with only 14.2 % in formal employment. Only 16.8 % were self-employed, 6.2 % were housewives and while 3.5 % were students. A majority (76.1 %) of participants had a monthly income of less than 1000 Kwacha (K); 100 United States dollars (USD). Few (3.5 %) earned above K5000 (500USD).
The provisional admission diagnosis for most patients was septic shock (37.2 %) followed by cardiac and central nervous diseases accounting for 17.7 % ( Table 2) . Other diagnosis were endocrine diseases (15.9 %), renal (9.7 %) and head injuries representing 7.1 %. Few cases consisted of spinal cord injury and burns with only 2.6 % and 1.8 % respectively. All patients did not have their nutrition diagnosis indicated in their medical records. The level of consciousness varied among participants, with an overall mean Glasgow coma scale (GCS) score of 10.5 ± 4.8 points. A total of 26 participants (40.7 %) were fully conscious with their GCS at 15 points. Further, 23 % had their GCS below 5 points with 36.3 % in semi-conscious states with GCS from 14 to 5 points.
Majority (52.2 %) of participants had stayed for over 7 days while 21.2 % were less than 3 days old in hospital admission.
Energy, zinc and selenium content of hospital prepared naso-gastric tube feeds
The nutrient composition for the 14 pairs of nasogastric feed samples showed a total energy content of 126.9 ± 67.0 Cal per 100 ml (Table 3) . Further, the nutrient mean contents were tested for differences using two sided sample t-test and the results showed significant differences in total energy (t = 37.19, p = 0.000), carbohydrate (t = 24.92, p = 0.000), protein (t = 10.82, p = 0.000), Mean content for zinc and selenium were 0.13 ± 0.01 mg per 100 ml and 0.09 ± 0.02 μg per 100 ml respectively.
Nutrient intake among patients receiving total nasogastric feeding
The mean volume of naso-gastric feedings provided to participants was 257.1 ± 273.0 ml/day and this provided a total mean energy intake of 326.5 ± 346.7 Cal/day (5.5Cal/ Kg/day) ( Table 4 ). Over two thirds (210.9 ± 223.9 Cal/day) of energy intake was accounted for by carbohydrate, with fat providing 40.2 ± 42.7 Cal/day, and 75.4 ± 80.1 Cal/day (0.3 g/Kg/day) from protein. The overall mean intake for zinc and selenium intakes were 0.34 ± 0.24 mg/day, 0.23 ± 0.24 μg/day respectively. It is important to note that nasogastric prescriptions for tube feeding volumes were not found in all participants medical files. Scheduled feeding (bolus feeding) was used for the administration of nasogastric feeds to all participants.
Nutrient adequacy among patients on naso-gastric feed
Among the participants, only one patient (0.88 %) received adequate energy in the previous 24 h based on the Harris-Benedict daily energy (HBE) requirements (Table 5 ). Most of the participants (90.2 %) had energy intakes of less than 40 % of their HBE requirements. Similarly, zinc and selenium intakes (0.34 ± 0.24 mg/day and 0.23 ± 0.24 μg/day respectively) were inadequate (lower than ESPEN daily recommended intakes for patients on enteral nutrition) for all participants.
The mean intakes for all nutrients were significantly less than the mean requirement (paired t-test: total energy p = 0.012, carbohydrate p = 0.010, protein p = 0.011, fat 0.014, zinc p = 0.017 and selenium p = 0.019).
Discussion
Most patients admitted to medical wards and the ICUs' are in a hyper-catabolic state resulting in increased energy and other nutrient needs resulting in malnutrition [28] . Short term stabilization of their medical condition is dependent on the type and timing of nutrition support administered [31] . The composition of blended foods used during the management of patients on NGTF determines how soon nutrient adequacy is attained [29] .
This study adds to the evidence that hospital prepared NGTFs have varying and inconsistent nutrient content. Similar inconsistencies in hospital prepared naso-gastric feeds have been reported in the Philippines and Saudi Arabia for energy, zinc, selenium and other micronutrients [12, 14] . The fact that carbohydrate content accounted for most of the energy provided followed by protein is not unique to this study. The ESPEN endorsed nutrient composition for standard high energy formulae for naso-gastric tube feeding indicates a supply of carbohydrate of 49 to 53 %, with protein at 20 and 30 % [18] . Other findings in a meta-analysis showed carbohydrate accounting for over 50 % of energy in NGTFs, followed by protein at 25 % and then fat [19, 32] Further, zinc and selenium content being low and varied was reported in the same studies in which significant variation was seen in hospital prepared blended foods for NGTF [12, 14] .
Feeding of patients with blended food for NGTF with unpredictable and inconsistent nutrient composition has serious outcome implications [33] . In a longitudinal study conducted on cancer patients, morbidity increased in patients that did not attain nutrient set targets [30] . Similarly, in the current study patients did not attain macronutrient or micronutrients targets, therefore their actual nutrient intake influence on their morbidity would be an interesting area to find out. Other studies found discrepancies between the expected and determined values for all nutrients in both hospital prepared blended NGTF but less discrepancy in Commercial Tube Formulas (CTF) [13] [14] [15] . Those studies recommended that CTF replace hospital prepared blended feeds because their nutrient content had limited variability. Studies conducted in the United States, Britain and the Philippines in which hospital prepared blended feeds and CTF were fed to critically ill patients showed remarkable improvement in patients on CTF [13, 17, 30] . The variations in hospital prepared blended feeds is what prompted ASPEN and ESPEN to set standards of feeding through administration of CTF [1, 3] . Commercial tube feeds have been designed in different energy concentrations ranging from1.0 Cal/ml to 5.0 Cal/ml [33] . Similarly, recommended protein content also ranges from 4 to 32 % of the total energy [34] . Fat in commercial preparations ranges from 1 to 55 % while carbohydrate ranges from 30 to 90 % of their total energy [35] . Micro-nutrient daily adequacy for most minerals (zinc and selenium) and vitamins is usually attained with the delivery of enriched commercial tube formula depending on the concentration of the nutrient in focus [1] . Another advantage of CTFs is that some formulations have been developed for specific diseases with controlled nutrient content [18] . The NGTF in this study was more similar to a standard high energy formulae though with low fat content. Naso-gastric tube feeding has commonly been used in hospitals globally among patients with difficulties in eating due to dysphagia, who do not attain their nutrient adequacy targets [36] . Despite the knowledge of the benefits of using CTF for naso-gastric tube feeding, actual nutrition support received by patients in hospitals has continued to be sub-optimal; both in developed and developing countries, and being worse in the sub-Saharan Africa [37] . In a meta-analysis, 70 % of articles reviewed that optimal energy intake for critically ill patients ranged from 20 to 35 Cal/kg/day while protein intake ranged from 0.8 to 2.0 g/kg/day [19] .
In this study, the finding that nutrient intake of hospital prepared blended feeds for naso-gastric tube feeding did not meet nutrient adequacy among patients on naso-gastric tube feeding was expected considering the variations in nutrient content, volume of feeds administered and the unsuitable feeding mode (bolus gravitational feeding). Further, NGTF delivered to patients had no record of target volumes or nutrient content. Similarly, findings in the Netherlands of 48 h clinical audit, showed that patients on naso-gastric pump feeding using intermittent and continous feeding modes attained nutrient adequacy within the first day as opposed to the patients who were fed using bolus gravitational feeding [19, 38] . Similar studies showed a significant proportion of patients attained nutrient adequacy within the first day of commercial tube feeding administration [32, 34] . This might have been influenced by the use of pumps in feeding and the use of CTFs. There are serious consequences when patients do not attain nutrient adequacy early in their course of recovery as reported by a meta-analysis [9, 39, 40] . Increased malnutrition prevalence rates and co-morbidities were reported in patients who had nutrient inadequacy in the 16 articles reviewed [19] . Further, in a study in Nigeria, inpatients were found to have significantly low serum albumin concentration compared to outpatients [41] . The study also showed that low protein intake was common among in-patients, this could have rendered patients being prone to opportunistic illnesses resulting in poor hospital outcomes.
Zambia's Ministry of Health is in the process of developing clinical nutrition guidelines that will inform the provision of quality health care in public hospitals [24] . The findings of this study can provide evidence for some gaps in the service delivery that need to be addressed so as to achieve the goal of quality health care for all Zambians.
The cross-sectional design used by this study may not reveal the change in nutrient intake among the patients over time. It also did not consider a full range of micronutrients. The other limitation in this study was the use of the HB-equations which have been shown to overestimate the energy needs of individuals [28] .
Conclusions
Patients on NGTFs especially those receiving hospital prepared blended foods are at risk for malnutrition as the hospital prepared blended naso-gastric tube feeds contained varying, and inconsistent amounts of carbohydrates, proteins, fat, zinc and selenium, despite being the same volume. The nutrient intake for almost all participants was inadequate for zinc and selenium, with only one patient meeting their energy requirements. It is recommended that CTF be adopted as they have been shown to provide patients with predictable nutrient amounts. Further, the use of naso-gastric feeding pumps for continous and intermittent feeding should be promoted to assure nutrient adequacy.
